Introduction
The dimorphic fungi Coccidioides immitis and C. posadasii , the causative agents of coccidioidomycosis, are morphologically similar but differ in molecular characterization and epidemiology [1] . These were previously described as California C . immitis and non-California C . immitis , respectively, and were proposed as separate species in 2002, based on the analysis of nine loci containing microsatellite markers [1] .
To date, no differences have been observed between the diseases caused by these distinct species nor are especially for isolates of C . posadasii from South America, even though the characterization of the genetic divergence between C . immitis and C . posadasii is well defi ned [3] .
Thus, the present study aimed at analyzing the genetic variability of isolates of C. posadasii obtained from clinical and environmental sources in Brazil through sequencing of the ITS1, 5.8S and ITS2 regions of the nuclear rDNA, as well as through RAPD and M13-PCR fi ngerprinting techniques, to detect hypervariable genomic sequences.
Material and methods

Microorganisms
A total of 18 isolates of C. posadasii stored at the culture collection of the Specialized Medical Mycology Center of the Federal University of Cear á , Brazil, were used. Out of these, 15 were recovered from human clinical cases (14 from the state of Cear á and one from the state of Piau í ) and three from environmental sources (Table 1 ). All had been previously identifi ed through mycological analysis and PCR reaction with Coi9-1F and Coi9-1R primers [6] . All procedures were performed in class II biological safety cabinet, in a biosafety level 3 laboratory.
DNA extraction
The isolates of C. posadasii were initially cultivated on potato dextrose agar and incubated at 35 ° C for six days. Afterwards, the colonies were inactivated by steaming at 100 ° C, for 15 min. In order to guarantee the effi cacy of the inactivation process, part of a colony was cultivated in BHI broth medium and incubated at 35 ° C for seven days and the remaining material was stored at Ϫ 20 ° C. The sample 434R. Brilhante et al. molecular evolutionary analyses were conducted using MEGA version 5. The tree was inferred using the Maximum Parsimony method, with the Close-NeighborInterchange algorithm [12] .
RAPD reaction
The reactions were performed using the primer 5 ′ GTT TCG CTC C3 ′ , as described by Zancop é -Oliveira et al . [13] . The RAPD reactions were conducted in a fi nal volume of 10 μ l containing 50 ng of DNA, 1 ϫ Green GoTaq reaction buffer (Promega, USA), 1 mmol/l MgCl2, 2 pmol of primer, 0.5 mM of dNTP and 1 U/ μ l of Hot Start Taq polymerase. Negative controls without DNA were simultaneously submitted to amplifi cation. An Eppendorf Mastercycler PCR thermal cycler was programmed for 1 denaturation cycle at 95 ° C for 5 min followed by 45 cycles of the succeeding steps: denaturation at 95 ° C for 1 min, annealing at 36 ° C for 1 min and extension at 72 ° C for 2 min. A fi nal extension at 72 ° C for 10 min was performed. The amplifi ed products were analyzed by electrophoresis on 2% agarose gel stained with ethidium bromide.
M13-PCR fi ngerprinting
The M13-fi ngerprinting technique was used according with methodology described by Muniz et al . [14] . Thus, the specifi c sequence M13 of the wild-type phage (5 ′ GAG GGT GGC GGT TCT3 ′ ) was used as a primer for the detection of hypervariable minisatellite regions. The amplifi cation reactions were performed with 10 μ l of PCR mix containing 50 ng of DNA, 1 ϫ buffer, 1 mM MgCl 2 , 2 pmol of primer, 0.5 mM of dNTPs and 1 U/ μ l of Hot Start Taq polymerase (Promega). The PCR reaction was performed using 35 cycles of denaturation at 94 ° C for 20 sec, annealing at 50 ° C for 1 min and extension at 72 ° C for 20 sec, followed by a fi nal extension at 72 ° C for 6 min. The amplifi ed products were also analyzed by electrophoresis on 2% agarose gel stained with ethidium bromide.
Results and discussion
The isolates of C. posadasii used in this study had previously been identifi ed through PCR with Coi9-1F and Coi9-1R primers, following the methodology described by Umeyama et al. [15] . However, in a study performed by Tintelnot et al ., the authors observed that one strain that had previously been identifi ed as C . posadasii by using the Coi9-1F and Coi9-1R primers was later identifi ed as C . immitis through sequencing of the ITS region and through microsatellite markers [16] . Thus, we sought to confi rm the identity of the isolates included in this was considered safe to proceed with DNA extraction when no growth was observed after the incubation period [7] . Genomic DNA was extracted by using the cationic detergent cetyl trimethylammonium bromide (CTAB) and the reducing agent beta-mercaptoethanol. The complex nucleic acid/CTAB was separated from the denatured proteins, polysaccharides and cellular debris by adding a chloroform isoamyl alcohol solution (24:1). Nucleic acids were precipitated through the addition of 100% isopropyl alcohol and the CTAB was removed by washing with 70% ethanol. Finally, the DNA precipitate was resuspended in TE buffer, at pH 8 [8] . The concentration and purity of the extracted DNA were determined by measuring its optical density at 260 and 280 nm with a spectrophotometer (1100 Ultrospec Pro; Amersham Bioscience, USA).
Sequencing of the 18S-28S region of rDNA
The 18S-28S region of rDNA was amplifi ed by using the universal primers ITS4 (TCCTCCGCTTATTGATATGC) and ITS5 (GGAAGTAAAAGTCGTAACAAGG) [9] . Amplifi cation reactions were performed in a fi nal volume of 25 μ l containing 200 ng of DNA, 1 ϫ Green GoTaq reaction buffer (Promega, USA), 1.5 mmol/l MgCl2, 12.5 pmols of each primer, 10 mmol/l of each dNTP (GE Healthcare Life Sciences, Buckinghamshire, UK) and 1 U of Taq DNA polymerase (GoTaq DNA Polymerase, Promega, USA). The cycling parameters were as follows: an initial denaturation step (2 min at 95 ° C), followed by 33 cycles of 1 min at 95 ° C for denaturation, 1 min at 55 ° C for annealing and 45 s at 72 ° C for extension. After the last cycle, the reactions were further incubated for 8 min at 72 ° C for fi nal extension. The amplifi cation products were visualized through 1% agarose gel electrophoresis [10] . Once the specifi city of the amplifi cation was confi rmed, the PCR products were purifi ed by using GFX PCR DNA and Gel Band Purifi cation kits (GE Healthcare Life Sciences, Buckinghamshire, UK). The concentration of the purifi ed PCR products was determined by measuring the absorbance at 260 nm. DNA sequencing was performed with GFX PCR DNA and gel band purifi cation kits (GE Healthcare Life Science, Buckinghamshire, UK), following the protocol provided by the manufacturer. The 18-28S region was sequenced by using the previously described ITS4 and ITS5 primers. Sequencing reactions were then analyzed in a MegaBACE 1000 automatic sequencer (GE Healthcare Life Sciences, Buckinghamshire, UK). The CodonCode Aligner program, version 3.03 (CodonCode cooperation, www.condoncode.com) was used to generate contig sequences. The identifi cation of sequences was determined by fi nding similarities with isolates previously deposited in the GenBank (www.ncbi.nlm.nih.gov/ Genbank), by using BLAST [11] . Phylogenetic and Fig. 1 Maximum Parsimony analysis of taxa using the complete nucleotide sequence of the regions ITS1, 5.8S and the partial sequence of the region ITS2. The evolutionary history was inferred using the Maximum Parsimony method. The bootstrap consensus tree inferred from 100 replicates is taken to represent the evolutionary history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (100 replicates) are shown next to the branches. The MP tree was obtained using the Close-Neighbor-Interchange algorithm with search level 1 in which the initial trees were obtained with the random addition of sequences (10 replicates). The analysis involved 44 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 498 positions in the fi nal dataset. Evolutionary analyses were conducted in MEGA5. study through sequencing of the ITS1, 5.8S and ITS2 regions, since the gene sequences of rRNA, which are available in a large number of copies, have greatly contributed to phylogenetic studies concerning identifi cation and establishment of taxonomic groupings [16] .
The comparison between the obtained nucleotide sequences and those from GenBank confi rmed the previously obtained results through specifi c PCR, where all isolates were identifi ed as C. posadasii , indicating the high sensitivity and specifi city of this technique.
The nucleotide sequences obtained from the ITS1, 5.8S and ITS2 regions led to the construction of a phylogenetic tree (Fig. 1) containing 17 isolates of C. posadasii from Cear á (14 from clinical cases and three from the environment) and one isolate from Piau í , grouped with 17 strains of C. posadasii and nine strains of C. immitis from the GenBank. Figure 1 shows that all strains are organized within two major clades, separating strains of C. immitis from those of C. posadasii . The isolates analyzed in this study were evolutionarily grouped with those of C. posadasii from different geographic regions, which had been previously deposited in the GenBank.
Despite the low resolving power of sequence analysis of ITS1 and ITS2, the results also show the formation of a different cluster, including seven C. posadasii from this study . A detailed analysis of the alignment of the sequences of these isolates revealed a single nucleotide polymorphism (SNP), characterized by the transition of a cytosine to a thymine at position 47 of the ITS1 region, when compared to the others. These isolates were all from the municipalities of Catunda, Santa Quit é ria and Sobral, which belong to the same geographic mesoregion, the northwestern part of the state of Cear á .
Additionally, the phylogenetic tree also revealed that the strains of C. posadasii present a lower rate of genetic diversion in the ITS1 and ITS2 regions when compared to those of C. immitis . This evidence may be better observed through the alignment analysis of these sequences, which shows that C. immitis presents a greater number of SNPs, despite the difference between the numbers of the analyzed strains for each species.
Similarly, the results obtained in the analysis of M13 and RAPD-PCR fi ngerprinting demonstrated that the C. posadasii strains presented similar electrophoretic profi les, indicating low polymorphism among the evaluated sequences of the analyzed isolates ( Fig. 2A and 2B ). This confi rms the high degree of genetic similarity found for these isolates in the sequence analysis.
Even though multilocus analysis exhibited an elevated polymorphism rate within the populations of C. immitis and between the populations of C. immitis and C. posadasii , no genetic diversity among the South American isolates of C. posadasii has been observed [17] . Besides, these authors showed that genotypes of South American strains are identical to those of various isolates of C. posadasii from Texas and Mexico. Apparently these fi ndings are also valid for the ITS regions, since the sequence alignment analyses performed in this study only revealed the presence of few SNPs.
The homogeneity in the genotypes of C. posadasii found in this study corroborates the model of colonization suggested for this pathogen in South America, where a rapid process of migration and population growth occurred. According to Fisher et al . [18] , South American strains are recent descendants of a single population centered in Texas. It is estimated that the introduction of C. posadasii in South America occurred in the last 9 to 140 thousand years, being recent enough that mutation rates have not been able to restore the genetic variation to levels seen in the source population, resulting in the low genetic divergence seen in the South American population of C. posadasii .
This was the fi rst study assessing the genetic diversity of C . posadasii from Brazil, including a greater number of local strains, and thereby contributing to the better understanding and characterization of the population of this microorganism in this region. It is important to emphasize that additional analyses should be performed in order to assess different loci, which will provide further data to support the fi nding that the genetic diversity of C . posadasii in Brazil is low.
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